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(£)-3-(2-Chlorophenyl)-1-(4 / 4 // -difluoro- 
5'-methoxy-1 ,1 :3',1 "-terphenyl-4'-yl)- 
prop-2-en-1-one 

S. Samshuddin, 3 Badiadka Narayana, a Hemmige S. 
Yathirajan, b Richard Betz, c * Thomas Gerber c and Eric 
Hosten c 



Experimental 

Crystal data 

C28H 19 C1F 2 0 2 
M, = 460.88 
Monoclinic, P2i/c 
a = 14.2065 (7) A 
b = 6.8651 (3) A 
c = 22.4817 (11) A 
/3 = 101.406 (2)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
r min = 0.918, T m „ = 0.962 



V = 2149.32 (18) A J 
Z = 4 

Mo Ka radiation 
/x = 0.22 mm~' 
T = 200 K 

0.40 x 0.20 x 0.18 mm 



17828 measured reflections 
5318 independent reflections 
3817 reflections with / > 2a(I) 
R iM = 0.051 



a Mangalore University, Department of Studies in Chemistry, Mangalagangotri 574 
199, India, b University of Mysore, Department of Studies in Chemistry, Manasa- 
gangotri, Mysore 570 006, India, and c Nelson Mandela Metropolitan University, 
Summerstrand Campus, Department of Chemistry, University Way, Summerstrand, 
PO Box 77000, Port Elizabeth 6031, South Africa 
Correspondence e-mail: richard.betz@webmail.co.za 



Refinement 

R[F 2 > 2a(F 2 )] = 0.064 

wR(F 2 ) = 0.141 

S = 1.07 

5318 reflections 



299 parameters 

H-atom parameters constrained 
A/w = 0.41 e A~ 3 
Apmh>= -0.31 e A~ 3 



Received 11 April 2012: accepted 20 April 2012 

Key indicators: single-crystal X-ray study; T = 200 K; mean cr(C-C) = 0.004 A; 
R factor = 0.064; wR factor = 0.141; data-to-parameter ratio = 17.8. 

The title compound, C 2 8H 19 C1F 2 02, is a polysubstituted 
terphenyl derivative bearing a Michael system in which the 
C=C double bond has an E conformation. In the crystal, C— 
H- ■ CI and C— H- ■ O contacts connect the molecules into 
layers lying perpendicular to the a axis. The shortest 
intercentroid distance between symmetry-related 4-fluoro- 
phenyl groups is 3.7547 (16) A. 

Related literature 

For pharmacological background information about terphen- 
yls, see: Astrue (2002); Liu (2006). For the crystal structures of 
other terphenyl derivatives, see: Betz et al. (20lla,b,c,d,e); 
Samshuddin et al. (2011). For graph-set analysis, see: Etter et 
al. (1990); Bernstein et al. (1995). 




F 



Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


C23-H23- ■ Cll' 


0.95 


2.73 


3.641 (2) 


161 


C33-H33- ■ Cll" 


0.95 


2.76 


3.697 (3) 


170 


C43-H43- ■ Ol' 


0.95 


2.54 


3.411 (3) 


153 


Symmetry codes: (i) x, 


-y + 1, z - |; (ii) 


-x + l,;>/-i, 


-z + l- 





Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2010); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al, 2008); soft- 
ware used to prepare material for publication: SHELXL97 and 
PLATON (Spek, 2009). 

BN thanks the UGC for financial assistance through SAP 
and BSR one-time grants for the purchase of chemicals. SS 
thanks Mangalore University for the research facilities. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2410). 
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(£)-3-(2-Chlorophenyl)-1 -(4,4"-difluoro-5'-methoxy-1 ,1 ':3',1 "-terphenyl-4'- 
yl)prop-2-en-1-one 

S. Samshuddin, Badiadka Narayana, Hemmige S. Yathirajan, Richard Betz, Thomas Gerber and 
Eric Hosten 

Comment 

Polysubstituted aromatics are key structures of great efficacy in synthetic, medicinal and natural product chemistry. 
Terphenyl derivatives exhibit a considerable range of biological activities and show anticoagulant, immunosuppressant, 
antithrombotic, neuroprotective, specific 5-lipoxygenase inhibitory and cytotoxic activity effects (Liu, 2006). Due to their 
promising biological activities terphenyls have received increasing research interest. Therefore, synthesis of 
polysubstituted aromatics has been a fascinating area in the field of organic chemistry (Astrue, 2002). The molecular and 
crystal structures of several terphenyl derivatives (Samshuddin et al.,2Q\\; Betz et al, 2Q\\a,b,c,d,e) have already been 
reported. In view of the importance of these derivatives, the title compound was prepared and its molecular and crystal 
structure is reported. 

The C=C double of the Michael system has an E conformation. The mean planes of the /?ara-fluoro phenyl rings, (C31- 
C36) and (C41-C46), of the terphenyl moiety and the central phenyl ring (C21-C26), enclose angles of 43.39 (12)° and 
49.65 (13)°, respectively (Fig. 1). 

In the crystal, two different C-H - Cl contacts whose range falls by more than 0. 1 A below the sum of van-der-Waals 
radii of the atoms participating are observed (Fig. 2 and Table 1). These are supported by two different hydrogen atoms 
of the terphenyl moiety. Apart from these, a C-H-0 contact involving a hydrogen atom from one of the para-fluoro 
phenyl ring (C41-C46) and the ketonic oxygen atom 01 is apparent (Fig. 2 and Table 1). In terms of graph-set analysis 
(Etter et al, 1990; Bernstein et al, 1995), the descriptor for the C-H-F contacts is C'i(10)C 1 i(12) on the unary level 
while the C-H - 0 contacts necessitate a C'i(lO) descriptor on the same level. In total, the molecules are connected to 
form layers lying perpendicular to the a axis (Fig. 3). 

The shortest intercentroid distance between two n systems was found at 3.7547 (16) A and is apparent between the 
/wa-fluoro phenyl ring (C41-C46) and its symmetry-generated (-x, y-1/2, -z-1/2) equivalent. 

Experimental 

To a mixture of l-(4,4"-difluoro-5'-methoxy-l,r:3',l"-terphenyl-4'-yl) ethanone (0.338 g, 0.001 mol) and 2-chloro- 
benzaldehyde (0.104 g, 0.001 mol) in 30 ml of ethanol, 1 ml of a 10% sodium hydroxide solution was added and stirred 
at 278-283 K for 3 h. The precipitate formed was collected by filtration and purified by recrystallization from ethanol. 
Single crystals were grown from DMF by slow evaporation at room temperature. The yield of the title compound was 
81% (m.p.: 452 K). 
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Refinement 

Carbon-bound H atoms were placed in calculated positions and were included in the refinement in the riding model 
approximation: C — H = 0.95 A for aromatic and vinylic H atoms and 0.98 A for methyl H atoms, with Ui SO (H) = k x 
Ueq(C), where k = 1.5 for methyl H atoms and =1.2 for other H atoms. The CH 3 H atoms were allowed to rotate with a 
fixed angle around the C — C bond to best fit the experimental electron density (HFIX 137 in the SHELXL; Sheldrick, 
2008). 

Computing details 

Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT (Broker, 2010); data reduction: SAINT (Broker, 2010); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrogia, 1997) and Mercury (Macrae et al., 2008); software used to 
prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009). 




Figure 1 

The molecular structure of the title molecule, with atom numbering. Displacement ellipsoids are drawn at the 50% 
probability level. 
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Figure 2 

A view along b axis of the C-H-0 and C— H--C1 contacts (dashed lines) in the crystal structure of the title compound 
[symmetry operators: (i) x, -y + 1/2, z + 1/2; (ii) x, -y + 1/2, z - 1/2]. 
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Figure 3 

Molecular packing of the title compound, viewed along the b axis (displacement ellipsoids are drawn at the 50% 
probability level). 

(f)-3-(2-Chlorophenyl)-1-(4,4"-difluoro-5'-methoxy-1,1':3',1"- terphenyl-4'-yl)prop-2-en-1-one 



Crystal data 

C28H 19 C1F202 

M r = 460.88 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 14.2065 (7) A 
6 = 6.8651 (3) A 
c = 22.4817 (11) A 
P= 101.406 (2)° 
V= 2149.32 (18) A 3 
Z = 4 



F(000) = 952 

D x = 1.424 MgrrT 3 

Melting point: 452 K 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 7266 reflections 

6 = 2.6-28.2° 

ju = 0.22 mnT 1 

r=200K 

Block, yellow 

0.40 x 0.20 x 0.18 mm 
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Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2008) 
r mm = 0.918, r max = 0.962 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2cr(^ 2 )] = 0.064 

wR(F 1 ) = 0.141 

S = 1.07 

5318 reflections 

299 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



17828 measured reflections 
5318 independent reflections 
3817 reflections with / > 2a(T) 
R iBt = 0.051 

dimx = 28.4°, 9 min = 1.9° 
/* = -18->18 
k = -9— >8 
/ = -29^29 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F a 2 ) + (0.0356P) 2 + 2.7063P] 

where P = (F 2 + 2F 2 )/3 
(A/ f r) max < 0.001 
Ap max = 0.41 e A" 3 
A J o min = -0.31 e A" 3 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


Tl */T7 

*^iso ' ^eq 


Cll 


0.32945 (5) 


0.46688 (11) 


0.32261 (3) 


0.0424 (2) 


Fl 


0.48872 (13) 


-0.3590 (3) 


0.05070 (8) 


0.0542 (5) 


F2 


-0.02840(13) 


0.4610(3) 


-0.34871 (6) 


0.0483 (4) 


01 


0.21690 (15) 


0.2023 (3) 


0.11598 (8) 


0.0394 (5) 


02 


0.10962 (14) 


0.6409 (3) 


0.04792 (7) 


0.0360 (4) 


CI 


0.29266 (17) 


0.5306 (4) 


0.18625 (10) 


0.0286 (5) 


HI 


0.2750 


0.4189 


0.2065 


0.034* 


C2 


0.27497 (18) 


0.5259 (4) 


0.12635 (10) 


0.0308 (5) 


H2 


0.2916 


0.6354 


0.1048 


0.037* 


C3 


0.22992 (17) 


0.3548 (4) 


0.09182 (10) 


0.0266 (5) 


C4 


0.0579 (2) 


0.8171 (4) 


0.03123 (12) 


0.0380 (6) 


H4A 


0.0929 


0.8975 


0.0068 


0.057* 


H4B 


0.0512 


0.8885 


0.0679 


0.057* 


H4C 


-0.0059 


0.7863 


0.0075 


0.057* 


Cll 


0.33711 (17) 


0.6927 (4) 


0.22443 (10) 


0.0280 (5) 


C12 


0.35889 (17) 


0.6785 (4) 


0.28769 (10) 


0.0283 (5) 


C13 


0.40353 (19) 


0.8263 (4) 


0.32436 (12) 


0.0353 (6) 


H13 


0.4168 


0.8114 


0.3672 


0.042* 


C14 


0.4286 (2) 


0.9946 (4) 


0.29868 (13) 


0.0410 (7) 


H14 


0.4612 


1.0954 


0.3235 


0.049* 


C15 


0.4060 (2) 


1.0165 (4) 


0.23610 (14) 


0.0440 (7) 


H15 


0.4217 


1.1341 


0.2180 


0.053* 


C16 


0.3608 (2) 


0.8686 (4) 


0.20019(12) 


0.0378 (6) 


H16 


0.3453 


0.8869 


0.1575 


0.045* 


C21 


0.19968(16) 


0.3801 (4) 


0.02426 (10) 


0.0250 (5) 


C22 


0.22967 (16) 


0.2553 (3) 


-0.01771 (10) 


0.0236 (5) 
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o.ozys 


(13) 


A (11 Irt / 1 /I \ 

U.U31U (14) 




(12) 


A AAA/1 /I 1 

U.UUU4 (11) 


A AAl A /1 A\ 

U.UU3U (1U) 


A A A 1 C / 1 A\ 
— U.UUlD (1U) 




n nine 


(13) 


A C\A 1/1 f\ H\ 

U.U4j4 (1 /) 


A A1 1 1 

U.U3 13 


(12) 


U.UU/3 (13) 


A A AAT /1 AA 

u.uuu / (iu) 


A AA/1/1 /1 0\ 

U.UU44 (Iz) 


/I 

C34 


a nioo 


(15) 


U.U340 (13) 


A A1 £1 


(13) 


U.Ulzy (Iz) 


AA111 / 1 1 \ 
U.U1 1 1(11) 


A (11 O 1 / 1 1 \ 

U.Ulzl (11) 


PIT 

C35 


A A/1 n 


(15) 


A AO 1 A Mil 

U.UzJU (1 5) 


A Al £ A 

U.U36U 


(13) 


A AAA"7 / 1 1\ 

O.UUO/ (Iz) 


A A 1 1 A / 1 1 \ 
0.U1 3U (11) 


A A A 1 A / 1 1 \ 

o.uuiy (ii) 


CJ6 


A f\1 1 /I 

U.U3z4 


(13) 


A m/:o /1 o\ 
U.Uzos (13) 


A AOO"7 


(12) 


A AAA£ /I 1\ 

— U.UUUo (11) 


A AAd /1 A\ 
U.ULDZ (1U) 


A AAA"7 1 1 A\ 
O.UUU/ (1U) 


C41 


A A"5 AA 


(12) 


a An £ /n\ 
U.UZZD (Iz) 


A AO "5 1 

0.0231 


(10) 


A A A 11 / 1 A\ 
U.UU 11 (1U) 


A AAA£ /ni 

— U.UUU6 (y) 


A AA 1 /A\ 

— U.UUlo (9) 


C42 


0.0315 


(13) 


0.0312 (14) 


0.0302 


(12) 


0.0001 (11) 


0.0026 (10) 


-0.0007(11) 


C43 


0.0454 


(16) 


0.0324 (15) 


0.0277 


(12) 


-0.0013 (13) 


0.0085 (11) 


-0.0002(11) 


C44 


0.0496 


(16) 


0.0262 (13) 


0.0206 


(11) 


0.0017(12) 


-0.0034(10) 


0.0007 (10) 


C45 


0.0342 


(13) 


0.0310(14) 


0.0321 


(12) 


0.0026 (12) 


-0.0063 (10) 


0.0001 (11) 


C46 


0.0304 


(13) 


0.0306 (14) 


0.0278 


(11) 


0.0020(11) 


0.0026 (9) 


0.0006 (10) 



Geometric parameters (A, ") 



P1 1 P 1 9 
Lll LIZ 


1 1A\ (X\ 


Cll P^1 
LZZ Lj i 


1 zlR7 fl\ 
i .40 / y-j) 


fi cia 


L .j04 (^j ) 


Cll, CIA 
LZj \^.A u t 


1 ^Q1 (1\ 


VI Pzld 


L .J04 (^j J 


Cll V\ll 
L/Zj — nz.) 


0 QSOO 


m P'* 

vjl 


1911 CX\ 
1 .Z 1 1 ) 


P9zl P9^ 
L/Z^- LZj 


1 1%^ fl\ 
1 JoJ yo ) 


p*9 P9^ 

vJZ — LZO 




P9d PA1 
LZ4 L4 1 


1 ZIQ9 fl\ 


VJZ L4 


1 Alf* 

1 .'i-ZO ) 


P9^ Clfi 
LZJ L-ZO 


1 ^Q9 fl\ 

i . jvz yo ) 


CI— C2 


1.321 (3) 


C25— H25 


0.9500 


CI— Cll 


1.470 (3) 


C31— C36 


1.390 (3) 


L 1 — n 1 




f ii P^9 
1 LjZ 


1 ^QQ fl\ 
l .Jyy yj ) 


v,-Z L/j 


1 zt81 CK\ 

1.401 J J 


Cll Cll 


1 IRA (A\ 
i .jo4 yn ) 


v, z — nz 




Cll Till 
v J Z J1j Z 


0 QSOO 


P^ P9 1 
Lj LZ 1 


1 .3 U4 (^j J 


P^^ P^A 


1 ^70 (A\ 
l.j IK) yH) 


Pd HZLA 




rii izraa 

vjj IIJJ 


0 QSOO 


C4— H4B 


0.9800 


C34— C35 


1.368 (4) 


C4— H4C 


0.9800 


C35— C36 


1.388 (4) 


Cll— C16 


1.393 (4) 


C35— H35 


0.9500 


Cll— C12 


1.398 (3) 


C36— H36 


0.9500 


C12— C13 


1.380 (3) 


C41— C42 


1.387 (3) 


C13— C14 


1.369 (4) 


C41— C46 


1.389 (3) 


C13— H13 


0.9500 


C42— C43 


1.387 (3) 


C14— C15 


1.388 (4) 


C42— H42 


0.9500 


C14— H14 


0.9500 


C43— C44 


1.368 (4) 


C15— C16 


1.375 (4) 


C43— H43 


0.9500 


C15— H15 


0.9500 


C44— C45 


1.365 (4) 


CI 6— HI 6 


0.9500 


C45— C46 


1.391 (3) 


C21— C26 


1.394 (3) 


C45— H45 


0.9500 


C21— C22 


1.402 (3) 


C46— H46 


0.9500 


C22— C23 


1.398 (3) 






C26— 02— C4 


118.60(19) 


C25— C24— C41 


121.2 (2) 


C2— CI— Cll 


126.0 (2) 


C23— C24— C41 


119.3 (2) 


C2— CI— HI 


117.0 


C24— C25— C26 


119.4(2) 


Cll— CI— HI 


117.0 


C24— C25— H25 


120.3 


CI— C2— C3 


121.9 (2) 


C26— C25— H25 


120.3 
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p • i r ' <-> t TO 

CI — C2 — H2 


1 1 n a 

119.0 


Oz — Czo — Cz5 


IT) o pl\ 

123.8 (2) 


C3 — C2 — H2 


119.0 


/~\ -\ po/" p^i 
02 — C26 — C21 


114.6 (2) 


Ol — C3 — C2 


1 oo r /o\ 

122.6 (2) 


P^C PI/" PI 1 

C25 — C26 — C2 1 


121.5 (2) 


Ol — C3 — C21 


1 *">A A /^>\ 

120.9 (2) 


C36 — C31 — C32 


WHO P1\ 

117.8 (z) 


PO po p o 1 

C2 — C3 — C2 1 


1 1 A ZO\ 

116.4 (2) 


p O /" pii P^^ 

C36 — C3 1 — C22 


1 OA A ZO\ 

lz0.4 (z) 


02 — C4 — H4A 


109.5 


p -> P01 

C32 — C3 1 — C22 


121.7 (2) 


/~\0 p A Tl AT} 

02 — C4 — H4B 


1 aa c 

109.5 


POO p o ^> PI 1 

C33 — C32 — C31 


1 1A A /1\ 

120.9 (2) 


1TA A /"< A tt /IT) 

H4A — C4 — H4B 


109.5 


C33 — C3z — H3z 


1 1 A C 

119.5 


(Jz — C4 — H4C 


1 AO C 

109.5 


po i p ~) -> i no 
C3 1 — C3z — H3z 


1 in r 
119.3 


H4A — C4 — H4C 


1 AA C 

109.5 


p 'J /l POO PTO 

C34 — C33 — C32 


1 1 O P1\ 

118.6 (2) 


H4B — C4 — H4C 


109.5 


C34 — C33 — H33 


1 OA *7 

120.7 


C16 — Cll — C12 


115.9 (2) 


poi pit Tm 

C32 — C33 — H33 


120.7 


P' 1 P ni i n 

Clo — Cll — CI 


1 1 O C ZO\ 

122.5 (2) 


T71 p O /I PTC 

f 1 — C34 — C35 


118.8 (3) 


p 1 o /-111 / 1 1 

C12 — Cll — CI 


1 o 1 p /o\ 

121.6 (2) 


Fl — C34 — C33 


118.1 (2) 


C13 — C12 — Cll 


1 O O P /OX 

122.6 (2) 


P 1 C P 1 /I P ") ") 

C35 — C34 — C33 


1 n 1 /on 

123.1 (2) 


p -1 •-> pi -i /-\ P ' T 1 

C13 — C12 — Cll 


1 1 "7 O C / 1 A \ 

1 17.o5 (19) 


P 1 /I P 1 C P ") /" 

C34 — C35 — C36 


117.6 (2) 


Cll — C12 — Cll 


1 1 A C 1 /'I A\ 

119.51 (19) 


A PTC TTOC 

C34 — C35 — H35 


121.2 


p 1 /i i i p* i o 

C14 — CI 3 — C12 


1 1 A "7 /ON 

119.7 (2) 


c ' ^> /- p*) c tttc 

C36 — C35 — H35 


1^1 o 
121.2 


p < 1 ^ p 1 -) X T 1 1 

C14 — C13 — H13 


120.1 


C35 — C36 — C31 


122.0 (2) 


ril 1 PIT TT1 'J 

Clz — CI 3 — HI 3 


1 O A 1 

lzO.l 


PTC p /" TTOzT 

C3 5 — C3 6 — H3 6 


1 1 A A 

119.0 


ni i p i /i p* i c 

C13 — C14 — C15 


1 1 A A /"5\ 

119.4 (3) 


n-T1 fri £ TTT^ 

C3 1 — C36 — H36 


T T A A 

119.0 


C13 — C14 — H14 


1 A 1 

120.3 


C42 — C41 — C46 


1 1 A A /IN 

119.0 (2) 


p < i c f~~* \ A T T 1 /I 

C15 — C14 — H14 


120.3 


P A O. P /I 1 P^ /I 

C42 — C4 1 — C24 


1 1 A A /I. \ 

120.9 (2) 


C16 — C15 — C14 


120.2 (3) 


P 4 P >1 1 P ""i /I 

C46 — C41 — C24 


1 r\ pi pi /o \ 

120.0 (2) 


pi / pi f TT1 f 

Clo — C15 — H15 


119.9 


C43 — C42 — C4 1 


121.1 (z) 


P 1 A P 1 C TT1 f 

C14 — Cl5 — H15 


119.9 


C43 — C42 — H42 


119.4 


pi r pi p P11 

C 1 5 — C 1 6 — C 1 1 


lzz.l (z) 


P /I 1 P/IO TT/|1 

C4 1 — C4z — H4z 


1 1 A A 

119.4 


pi f p l p TT1ZT 

C 1 5 — C 1 6 — H 1 6 


1 1 A A 

119.0 


C • A A p /I O p /] o 

C44 — C43 — C4z 


1 1 H O P1\ 

117.8 (2) 


pi 1 pi/- IT1 /- 

Cll — C 1 6 — H 1 6 


1 1 n a 

119.0 


P A A P yl O TT/I O 

C44 — C43 — H43 


T ^> T T 

121.1 


/~"~) £ P11 POO 

C26 — Cz 1 — C22 


1 1 A 1 Pl\ 

119.3 (2) 


C4z — C43 — H43 


121.1 


POP PI 1 PO 

C26 — C21 — C3 


117.6 (2) 


T - "! P /I /I P A C 

F2 — C44 — C45 


118.1 (2) 


POO PO 1 PO 

C22 — C21 — C3 


123.0 (2) 


T~"i P /I A p /l o 

F2 — C44 — C43 


lion 

118.7 (2) 


poo poo po 1 

C23 — C22 — C2 1 


118.5 (2) 


P /I C P /I /I P /I ") 

C45 — C44 — C43 


123.2 (2) 


C23— C22— C31 


118.6(2) 


C44— C45— C46 


118.4(2) 


C21— C22— C31 


122.9 (2) 


C44— C45— H45 


120.8 


/~"~) A p -> ") P"<0 O 

C24 — C23 — Czz 


lzl.o (z) 


pi/- P /I C TT/IC 

C46 — C45 — H45 


1 OA O 

120.8 


/~"^ A PI O TTOO 

C24 — C23 — Hz 3 


1 1 A 1 

119.1 


p /I 1 P/1/T P 1 f 

C41 — C4o — C45 


1 OA C ZO\ 

120.5 (2) 


PT) PT) TJOO 

Czz — C23 — Hz 3 


1 1 A 1 

1 19.1 


p /) 1 /"M/C UAH 

C41 — C4o — H4o 


1 1 A O 

1 19. o 


PO c po ,4 p o ~) 

Cz 5 — C24 — Cz 3 


119.5 (2) 


P 1 f pi/- TT /I/- 

C45 — C4o — H46 


1 1 A O 

119.0 


pi i pi pi po 
Cll — C 1 — Cz — C 3 


1 "7 A A 

179.9 (2) 


p • /l POC p "> /_ PO 1 

Cz4 — C25 — Czo — Cz 1 


-1.5 (4) 


p i po p "> pi i 
C 1 — C2 — C3 — (J 1 


o n / a\ 

-8.7 (4) 


p^ ^> ^> p^i pi/ p~\ -) 

Czz — Cz 1 — Czo — Uz 


1 TO A /0\ 

178.9 (2) 


P1 PO PO PO 1 

C 1 — C2 — C3 — C2 1 


170.7 (2) 


po p^ 1 pi o p p\^ 
C3 — C21 — C26 — 02 


1 O /O \ 

1.8(3) 


/~"l z" 1 1 n 1 f~* i r 

Cz — CI — C 1 1 — C 1 6 


4.0 (4) 


ni pti r~*'ic. roc 
Czz — Czl — Cz6 — CzD 


1.6 (4) 


C2— CI— Cll— C12 


-175.5 (3) 


C3— C21— C26— C25 


-175.6(2 


C16— Cll— C12— C13 


-1.7(4) 


C23— C22— C31— C36 


-43.5 (3) 


CI— Cll— C12— C13 


177.8 (2) 


C21— C22— C31— C36 


137.3 (2) 


C16— Cll— C12— Cll 


178.4 (2) 


C23— C22— C31— C32 


135.0(2) 


CI— Cll— C12— Cll 


-2.0 (3) 


C21— C22— C31— C32 


-44.2 (3) 
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Cll — Clz — C13 — C14 


f\ A (A \ 

—0.4 (4) 




p O /" p -) 1 pti /" 'T) 

C 3 6 — C 3 1 — C 3 z — C 3 3 


1 A / A \ 

-1.9(4) 


/-II I P 1 1 f~~> \ -) P < 1 A 

Cll — C12 — C13 — C14 


1 TA C /OA 

179.5 (2) 




P P 1 1 P 1 O, P o o 

C22 — C3 1 — C32 — C33 


179.6 (2) 


nil nn r* 1 1 a pic 

C12 — CI 3 — C14 — C15 


'"J A { A \ 

2.0 (4) 




P') i P")0 POO PO/l 

C3 1 — C32 — C33 — C34 


A O ( A\ 

O.o (4) 


C13 — C14 — C15 — C16 


1 £ ( A\ 

-1.6 (4) 




PT) poo P")/1 T71 

C32 — C33 — C34 — r 1 


1 TO A Pl\ 

-178.9 (z) 


P 1 /I f"' 1 C P 1 /_ pi i 

C 1 4 — C 1 5 — C 1 6 — C 1 1 


p, *7 /C\ 

-0.7 (5) 




po^ P O ") P ~) /I POC 

C3z — C33 — C34 — C35 


1 A / A \ 

1.0 (4) 


P 1 O fii i p 1 /_ PIC 

Clz — Cll — Clo — C15 


2.3 (4) 




T7 1 p O /I PO C /' 1 -) /_ 

r 1 — C34 — C35 — C36 


1 no a 

178.4 (z) 


P i P11 pi/; P 1 C 

C 1 — C 1 1 — C 1 6 — C 1 5 


-177.3 (3) 




C33 — C34 — C35 — C36 


1 C / /I \ 

-1.5 (4) 


p, 1 PT PI 1 PO/" 

Ol — C3 — Czl — Czo 


lzz.l (3) 




p o /l PO C /' 1 -) /_ PO 1 

C34 — C35 — C36 — C3 1 


A 1 { A \ 

0.2 (4) 


C • "\ PO pi) P /I 

Cz — C3 — Cz 1 — Czo 


-57.3 (3) 




PO 1 P ' "> P PTC 

C3z — C3 1 — C3o — C35 


1.4 (4) 


1 p o p^ 1 pn 

Ol — C3 — Czl — Czz 


C /I A ("1 \ 

—54.9 (3) 




POI po 1 P ' "> /-_ PTC 

C22 — C3 1 — C36 — C35 


1 OA A 

180.0 (2) 


po po po i p^^ 
Cz — C3 — Cz 1 — Czz 


125.6 (3) 




C25 — C24 — C41 — C42 


134.0 (3) 


P • O p P^> 1 Pn PT} 

Czo — Cz 1 — Czz — Cz3 


-0.3 (3) 




Pn PO /I P /I 1 /nyll 

C23 — C24 — C4 1 — C42 


AO £ /">\ 

-48.6 (3) 


p • ~> pi| pti P-T> 

C3 — Cz 1 — Czz — Cz3 


176.7 (2) 




C25 — C24 — C41 — C46 


a o n i"i \ 

-48.7 (3) 


p • ~) /_ pii S~"~) ~) p -y i 

Czo — Czl — Czz — C31 


178.9 (2) 




C23 — C24 — C41 — C46 


128.6 (3) 


P O p^ 1 PO 1 P •"> 1 

C3 — C21 — C22 — C3 1 


-4.1 (4) 




P /I f~ P >1 1 P A 1 P /I O 

C46 — C41 — C42 — C43 


-0.4 (4) 


PO, 1 PT^ PO, 1 P /I 

C2 1 — C22 — C23 — C24 


1 1 / /I \ 

-1.1 (4) 




P ^ A P A 1 P /I ""l P ,1 O 

C24 — C41 — C42 — C43 


176.8 (z) 


/^o/i 

C3 1 — C22 — C23 — C24 


1 ly. 1 (z) 




C4 1 — C4z — C43 — C44 


-0.7 (4) 


C22 — C23 — C24 — C25 


1 0 (A \ 

1.3 (4) 




A^t A~l A A CI 

C42 — C43 — C44 — 1 1 


-178.4 (2) 


Cll Cll. CIA CA] 


—1 if, 1 P>1 

1/0.1 ) 




CA1 CA~\ CAA CA^ 


1 0 (A\ 
l.U (4) 


C23— C24— C25— C26 


0.0 (4) 




F2 C44 C45 C46 


179.3 (2) 


C41— C24— C25— C26 


177.4 (2) 




C43 C44 C45 C46 


-0.1 (4) 


C4— 02— C26— C25 


-13.5 (4) 




C42— C41— C46— C45 


1.4 (4) 


C4— 02— C26— C21 


169.2 (2) 




C24— C41— C46— C45 


-175.9(2) 


C24— C25— C26— 02 


-178.5 (2) 




C44 C45 C46 C41 


-1.1 (4) 


Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 


R-A D-A 


D—R-A 


023^23-^11' 




0.95 


2.73 3.641 (2) 


161 


C33— H33-C11" 




0.95 


2.76 3.697 (3) 


170 


C43— H43-OP 




0.95 


2.54 3.411 (3) 


153 



Symmetry codes: (i) x, -y+l/2, z-1/2; (ii) -x+l,y~V2, -z+1/2. 
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